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的•OH 的浓度和初步评估了•OH 的扩散距离。（2）将基于 TiO2 纳米管阵列的光
















管阵列；采用 Cu(NO3)2 + gly 的混合溶液作为模拟体系代替光诱导产生•OH 刻蚀
后的产物 Cu(gly)2+来研究 Cu2+在 TiO2 NTs 表面的光催化还原沉积和抑制。 
研究主要取得以下结果： 
一．基于二氧化钛纳米管阵列的光诱导约束刻蚀体系中羟基自由基的产生与检测 









3. •OH 的扩散距离的初步评估 
设计了烷基硫醇（C12SH）自组装单层金电极和铁氰电对为分子探针的检测
体系，利用光诱导•OH 对 C12SH 的刻蚀去除，说明•OH 的扩散距离能够达到微
米数量级，初步验证了后续的光诱导约束刻蚀平坦化 Cu 实验的可行性。 
二．基于二氧化钛纳米管阵列的光诱导约束刻蚀体系在铜表面平坦化的应用 






















氨酸能起到络合剂的作用，避免在 Cu 表面形成氧化物膜。 
（2）利用十字型和中间镂空型两种不同形状的 PTFE 垫片研究约束刻蚀体
系溶液传质对刻蚀的影响。SEM、XRD 和 XPS 结果证明采用传质受限的中间镂
空型 PTFE 垫片在刻蚀过程易导致 Cu 表面形成氧化物，而采用有利于传质的十
字型 PTFE 垫片可防止刻蚀过程中在 Cu 表面形成氧化物层而阻碍进一步刻蚀。 
（3）采用不同厚度的 PTFE 垫片调节刻蚀过程中的逼近距离研究约束刻蚀
剂层厚度与工件工具之间逼近距离的关系。由结果可推测逼近距离 100 μm 可能
已经达到或超过本约束刻蚀层的有效厚度。 
（4）比较刻蚀时间对 Cu 表面形貌的影响。SEM 揭示光照时间较长(8 h)时，
整个铜表面形貌会出现重构，但并不能提高平坦化。 
3. 光诱导约束刻蚀体系应用于铜表面平坦化 
AFM 表征刻蚀后的 Cu，结果显示经过光诱导约束刻蚀后 Cu 表面的表面粗




1. 光诱导约束化学刻蚀平坦化后对 TiO2 纳米管的表征以及 Cu 的生成机制 
采用 SEM 和 EDS 表征 TiO2 纳米管表面镂空区、阻挡区和暗处三个区域的
形貌和成分。结果表明，在镂空区和暗处 TiO2 纳米管表面有 Cu 颗粒的沉积；在
阻挡区 TiO2 纳米管表面与刻蚀前并无差别。XPS 分析了镂空区沉积 Cu 的价态，
结果表明刻蚀后表面成分主要是单质 Cu，以及微量的 Cu2O。对光催化剂 TiO2
纳米管表面出现实验现象不同的三个区域进行合理的解释。 
2. 采用 Cu(NO3)2 + gly 的混合溶液作为模拟体系研究光诱导约束刻蚀体系
中 Cu(gly)2+在 TiO2 纳米管表面的光催化还原沉积 Cu 
采用 Cu(NO3)2 作为 Cu 源模拟 Cu(gly)2+在 TiO2 纳米管表面的光催化还原沉















Cu(gly)2+研究其在 TiO2 纳米管表面的光催化还原沉积 Cu 的可行性和合理性。研




3. TiO2 纳米管表面 Cu 沉积的抑制 
当 TiO2 纳米管表面覆盖过多的 Cu 时，有可能影响 TiO2 纳米管的光催化活
性而且破坏了 TiO2 纳米管本来的形貌，因而需要控制 Cu 的沉积。讨论了通过调
控以下实验条件（1）络合剂、（2）pH、（3）外加电位和（4）光催化剂 TiO2 纳




















A Preliminary Study on TiO2 Nanotube Arrays Based 
Photoinduced Confined Etching System 
 
The confined etchant layer technique (CELT) was proposed by Academician Z. 
W. Tian. It had be successfully used in the fabrication of complicated 3-D 
microstructures down to micrometer and nanometer scales on semiconductor, metal 
and alloy. In theory, this method is distance sensitive and capable of controlling the 
quantity of etching. Henceif the complicated 3-D microstructure tool are changed to 
the flat 2-D mold, the ultra-smooth surface, whose roughnesses is similar with that of 
the tool, can be obtained by the chemical etching of the thin and confined etchant 
layer through the relative motion of the tool and workpiece in nanometer scales. 
Therefore, CELT is capable of being developed to a new kind of stress-free chemical 
planarization technology. 
The planarization of Cu is an essential process to meet the stringent requirements 
in the manufacture of integrated circuit devices. At present, chemical mechanical 
planarization (CMP) is commonly recognized as the best method to achieve global 
planarization. With the increase of integration level, the CMP planarization which 
contributes significantly to dishing and surface/sub-surface defects is hard to meet the 
increasing industrial standards, especially adopting low-k dielectric materials to 
replace traditional SiO2 dielectrics in ULSIs. Hence, it is critical to develop new 
high-precision planarization methods. The high precision of planarization can be 
predicted from the successful application of CELT on 3-D micromachining. The 
stree-free planarization which developed from CELT applied on Cu planarization may 
meet the requirments of industrial standards. Therefore, the research work of 
developing CELT to a new kind of stress-free planarization is valuable and promising. 
In this thesis, a photoinduced confined chemical etching system based on TiO2 
nanotube arrays was proposed and applied to Cu planarization. The work mainly 















system was proposed. The photocatalysts TiO2 NTs which act as tools were prepared; 
The concentration of etchant •OH was quantitative determined by fluorescence probe 
method; The diffusion distance of •OH was preliminarily estimated. (2) The 
photoinduced confined chemical etching system based on TiO2 nanotube arrays 
applied on Cu planarization; The influences of this system were investigated. (3) The 
photocatalysts TiO2 NTs after etching were charactered; The photodesposition of Cu2+ 
on TiO2 NTs surface was studied and the inhibition was discussed by a mode system 
that Cu(NO3)2 act as Cu source 
The main results are shown below:  
1. Generation and detection of hydroxyl radical in TiO2 nanotube arrays based 
photoinduced confined etching system 
(1) Preparation of TiO2 nanotube arrays for fabrication of photoinduced 
confined etching system 
TiO2 nanotube arrays were prepared by liquid-phase deposition using ZnO NRs 
as a template and electrochemical anodization, respectively. The effect of TiO2 
nanotube arrays prepared by two methods for photoinducedconfined etching system 
was discussed. 
(2) Detection of etchant hydroxyl radical by fluorescence probe method 
The concentration of •OH was quantitative determined by fluorescence probe 
method. The effect of different experiment conditions for fluorescence intensity were 
discussed. The results show that the fluorescence intensity increased linearly with the 
illumination time. This implies that the photocatalytic generation and consumption of 
•OH quickly reach a steady state in our system. The TiO2 nanotube arrays prepared by 
electrochemical anodization has a higher ability to generate free •OH.  
(3) Estimated diffusion distance of •OH 
A testing system included 1-dodecanethiol SAMs modified Au (Au-C12SH) and 
ferricyanide as a redox probe was introduced. C12SH was attacked by •OH generated 
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